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Evidence for a satellite secretory pathway in neuronal
dendritic spines
Joseph P. Pierce*, Thomas Mayer† and J. Brian McCarthy*
Long-term information storage within the brain location sites [2] have been reported within vertebrate
dendrites. It remains unresolved, however, whether post-requires the synthesis of new proteins and their
use in synapse-specific modifications [1]. Recently, translational processing and transport of integral mem-
brane and secretory proteins are possible in dendrites.we demonstrated that translation sites for the local
synthesis of integral membrane and secretory Integral membrane proteins (such as receptors) and secre-
tory proteins are processed in a series of subcellular mem-proteins occur within distal dendritic spines [2]. It
remains unresolved, however, whether a complete brane-enclosed compartments. Unlike proteins destined
for the cytoplasm, which are translated on polyribosomessecretory pathway, including Golgi and trans Golgi
network-like membranes, exists near synapses for in the cytoplasm and released as soluble proteins, proteins
destined for secretion or incorporation into the plasmathe local transport and processing of newly
synthesized proteins. Here, we report evidence of a membrane are translated by membrane-bound ribosomes
on the rough endoplasmic reticulum (RER) [7]. Followingsatellite secretory pathway in distal dendritic
spines and distal dendrites of the mammalian brain. synthesis at the RER, proteins move along the secretory
pathway by vesicular transport through a series of com-Membranes analogous to early (RER and ERGIC),
middle (Golgi cisternae), and late (TGN) secretory partments including the ERGIC (endoplasmic reticulum-
to-Golgi intermediate compartment), the cisternae (cis,pathway compartments are present within
dendritic spines and in distal dendrites. Local medial, and trans) of the Golgi apparatus, and finally the
trans Golgi network (TGN) en route to the cell sur-synthesis, processing, and transport of newly
translated integral membrane and secretory proteins face [8].
may thus provide the molecular basis for synapse-
specific modifications during long-term information We examined the hippocampal formation of adult rats,
storage in the brain. a brain region involved in explicit memory and widely
analyzed in studies of synaptic plasticity [9]. To identify
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the ultrastructural labeling patterns of a set of well-charac-69th Street, New York, New York 10021, USA. † Cellular Biochemistry
and Biophysics Program, Memorial Sloan-Kettering Cancer Center, terized protein markers for the secretory pathway (Figure
1275 York Avenue, New York, New York 10021, USA. 1) in cell body layers, and in distal dendrites within the
stratum lacunosum-moleculare of hippocampal CA1 and
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brane labeling densities (Figure 2a) revealed distinct dif-
Current Biology 2001, 11:351–355 ferences in their patterns of labeling on subcellular com-
partments within dendrites. Giantin, a-mannosidase II,
0960-9822/01/$ – see front matter and Rab1b demonstrated the highest densities of labeling
Ó 2001 Elsevier Science Ltd. All rights reserved.
on compartments within spine heads. In cell bodies, these
proteins are functional components of and markers for
specific cisternae of the Golgi complex. Rab1b is required
for the targeting/fusion of ER-derived vesicles to the cisResults and discussion
Local protein synthesis in the dendrites of neurons versus Golgi cisternae and for transport between the cis and me-
dial Golgi cisternae [10, 11]. The processing of newlythe cell body has been proposed as a mechanism to pro-
duce proteins for local synapse-specific modifications in synthesized membrane and secretory glycoproteins in-
volves a-mannosidase II in the medial and trans cisternaecases of long-lasting plasticity [1, 3]. Long-lasting synaptic
plasticity requires the delivery of integral membrane and/ of the Golgi complex [12, 13]. Giantin, a membrane-teth-
ering component of the Golgi complex, serves in vesicularor secretory proteins to the postsynaptic membrane [4],
and may require a local protein synthetic secretory path- transport between Golgi cisternae as well as in cisternae
formation [14, 15]. High densities of labeling for ER-way. Cytosolic, secretory, and integral membrane protein-
encoding mRNAs [5], ribosomes [6], and translation/trans- GIC53/58, TGN38, and Rab1b were found on compart-
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Figure 1
Evidence for a secretory pathway in distal
dendritic spines and dendrites. (a)
Illustration of the known distribution of
secretory pathway markers for the RER,
ERGIC, Golgi, and TGN. These proteins serve
in the intracellular transport, processing, and
sorting of proteins within these post-RER
secretory pathway compartments (see text).
Compartments within neuronal cell bodies of
the hippocampal formation that label for
TGN38 (b), ERGIC53/58 (c), a-mannosidase
II (d), and giantin (e). (f) ERGIC53/58
immunogold particle (arrowhead) labeling a
large diameter compartment within a
dendrite. (g) Rab1b immunogold particles
(arrowheads) labeling a compartment within
a spine head, and in the cytoplasm. (h)
a-mannosidase II immunogold particle
(arrowhead) labeling the spine apparatus. (i)
Giantin immunogold particles (arrowheads)
labeling the spine apparatus. (j) Three Rab6
immunogold particles (arrowheads) on a
large diameter compartment within a dendrite.
(k) A TGN38 immunogold particle
(arrowhead) labeling a complex subcellular
compartment within a dendrite. Immunogold
particle labeling of a compartment within a
spine for a-mannosidase II (l), and of a
compartment at the base of a spine for Rab6
(m). Acrolein/paraformaldehyde-perfused
tissue [21] from three adult male Sprague-
Dawley rats was examined using an osmium/
ferrocyanide fixation method [2, 22] and
preembedding silver-enhanced immunogold
electron microscopy [21], for precise
subcellular localization and optimal
subcellular membrane preservation.
Antibodies against ERGIC53/58 (Sigma),
Rab1b and Rab6 [23], giantin (gift of Dr. H.P.
Hauri, Basel, Switzerland), a-mannosidase II
(gift of Dr. B. Burke, Calgary, AB), and TGN38
(Transduction Lab, Lexington, KY) were used
at 1:100. D, dendrite; T, presynaptic terminal;
S, spine. All methods were approved by the
Institutional Animal Care and Use Committee.
The (a–e) scale bar represents 0.5 mm. For
(f–m), the scale bar represents 0.25 mm.
ments within spine heads and on large diameter (.100 cles from the medial Golgi through the TGN [19, 20],
densely labeled large diameter compartments withinnm) compartments within dendrites. ERGIC53/58 cycles
between the ER, ERGIC, and cis Golgi cisternae, where dendrites. Additionally, immunogold particles directed
against TGN38 and a-mannosidase II labeled the den-it functions as a sorting receptor for proteins in the early
secretory pathway and is required for ER-to-Golgi vesicu- dritic plasma membrane most densely. This is consistent
with TGN38 cycling between the TGN and the cell sur-lar transport of newly synthesized proteins [16, 17], while
TGN38 serves in the sorting of proteins into vesicles and face [18], and small quantities of a-mannosidase II at the
cell surface [13]. The distributions of these proteins implymediates the localization of proteins to the TGN [18].
Rab6, which functions in the targeting and fusion of vesi- that membrane-enclosed compartments within spines can
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Figure 2
Subcellular labeling patterns of secretory pathway proteins in distal and SV, the surface density of the membrane type, as measured from
dendritic spines and dendrites. (a) Subcellular membrane labeling random micrographs with the NIH Image program. The number of
densities within dendritic spines and dendrites (immunogold particles/ gold particles examined per antibody was as follows: ERGIC53/58,
1000 mm) subdivided by membrane type. Quantitation of preembedding 348; Rab1b, 229; a-mann II, 222; giantin, 414; Rab6, 363; and
immunogold labeling in both dendritic and cell body regions was done TGN38, 315. (b) Consistency of dendritic subcellular membrane
as previously described [2, 24, 25]. All silver-enhanced immunogold labeling with known distributions. The dendrogram illustrates the
particles were counted in randomly selected fields (dendritic regions: results of the hierarchical cluster analysis of subcellular membrane
12,100 mm2 per antibody; cell body regions: 4200 mm2 per antibody) labeling densities in dendrites for secretory pathway markers; the
along the plastic/tissue interface of thin sections (two per antibody). clusters were formed using the average linkage method (between
Subcellular membrane labeling density was defined as the total particle groups).
count per membrane type divided by the product of the area examined
be involved in posttranslational protein processing and that the labeling patterns of dendritic membranes covaried
in a manner analogous to their known distributions in thetransport, while large diameter compartments within den-
drites may serve in local vesicular targeting and the sorting cell body secretory system. The resulting dendrogram
disclosed three main groups (Figure 2b). Consistent withof transport vesicles. Comparable labeling densities were
observed on somal subcellular membranes (tubulovesicu- Rab1b, giantin, and ERGIC53/58 coexisting on cisternae
lar versus stacked structures: giantin, 38 versus 62 parti- of the Golgi complex, the distributions of these antigens
cles/1000 mm; a-mannosidase II, 38 versus 44; Rab1b, 48 in distal spines and dendrites clustered early. TGN38 and
versus 30; ERGIC53/58, 38 versus 37; TGN38, 48 versus a-mannosidase II clustered at a comparably early point,
0; Rab6, 40 versus 27), where it is known that these while Rab6 constituted a third group. Primary distinguish-
antigens are concentrated. ing criteria for this pattern of clustering (as determined
using k-means cluster analysis and assuming three groups)
were the labeling densities on large diameter subcellularHierarchical cluster analysis provided additional evidence
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